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Background: Trends in prevalence of asthma and allergic diseases are still controversial, and
rarely studied among adolescents at midpoint of puberty.
Methods: In 2000, a questionnaire was mailed to adolescents (nZ 18,158) attending 9th grade
at school and living in Va¨stra Go¨taland County, Sweden. Eight years later, the same question-
naire was mailed to adolescents (n Z 21,651), using identical inclusion criteria as previously.
Altogether, 10,837 adolescents completed the questionnaire in 2000 and 11,754 in 2008. Differ-
ences in prevalence of physician diagnosed asthma, asthma symptoms, rhinitis, and eczema
between the periods were analyzed by Chi-square test. Multiple logistic regression models
were performed to test for trends in prevalence of these diseases, adjusting for potential con-
founders.
Results: Physician diagnosed asthma and lifetime and current rhinitis were increased in 2008,
while wheeze decreased (p < 0.05). Taking sex, foreign descent, body mass index, and par-
ents’ education into account, the prevalence of physician diagnosed asthma (OR 1.3 [95% CI
1.2e1.4]) and lifetime (1.7 [1.6e1.8]) and current rhinitis (1.5 [1.4e1.6]) had increased.ccupational and Environmental Medicine, Institute of Medicine at Sahlgrenska Academy, University of
eden. Tel.: þ46 31 7863143; fax: þ46 31 409728.
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702 J.-L. Kim et al.Eczema had decreased (0.9 [0.8e0.98]). These trends were consistent in boys and girls, but
more prominent in those with obesity. In physician diagnosed asthmatics, there was no change
in wheeze, asthma symptoms, or asthma medication.
Conclusions: The prevalence of physician diagnosed asthma has increased over the last
decade, maybe due to combinations of changes in diagnostics and increased general aware-
ness, rather than a real increase. Results showed an increase in rhinitis and a decrease in
eczema. Obesity seems to have a modifying effect, which calls for further investigation.
ª 2014 Elsevier Ltd. All rights reserved.Introduction
The prevalence of asthma increased worldwide between
the 1960s and the 1990s [1,2]. Many recent studies suggest
that the increase in asthma prevalence in children has
reached a plateau [3e5] and may even be declining in some
countries [6]. However, these trends are not yet clearly
established and some studies show that the prevalence of
asthma is still increasing [6e9]. The large International
Study of Asthma and Allergies in Childhood (ISAAC), phase
III, performed during 2002e2003, has shown divergent
trends in prevalence of symptoms of allergic diseases in
different study centers [6]. Some studies report an increase
in asthma and asthma symptoms among adolescents, e.g.,
in northeast England [9] and northwestern, coastal Croatia
[7]. A recent Swedish study comparing two population-
based cohorts of 7e8 year olds reports an increased prev-
alence of current wheeze and physician diagnosed asthma
in boys and a decreasing tendency in girls [10]. To date,
there are still conflicting results regarding trends in asthma
prevalence, especially with respect to sex, age, and
geographical region.
Allergic diseases other than asthma have also increased
worldwide [6] and research has focused on the relationship
between these diseases and the increase in asthma. In
contrast to trends in asthma prevalence, rhinitis and
eczema prevalence in children and adolescents has
continually been reported as increasing in most countries
[5e7,10,11].
It should be noted that most of the research investi-
gating prevalence of asthma and allergic diseases focuses
on young children, children in early puberty (i.e., aged
13e14), or adults. Studies among adolescents around
midpoint of puberty are scarce. Some researchers have
investigated prevalence trends in adolescents at the early
stage of puberty as well as young children from the age of
7 [12] or young adults aged around 18e25 [3,13]. In some
studies, the reported prevalence and incidence of asthma
was higher in boys <9 and girls >15 years old [8,14,15].
Since this suggests a reverse in trends at puberty, with
a higher incidence pre-puberty in boys but peri- and
post-puberty in girls, it is important to monitor asthma
status and changes regarding asthma and other allergic
diseases among adolescents during puberty. Moreover, it
is advantageous from a public health point of view to
keep track of adolescents’ respiratory health before they
enter the job market where there can be different ex-
posures in the work environment that affect respiratory
health.We therefore aimed to study the trends in the preva-
lence of asthma, rhinitis, and eczema, especially with re-
gard to sex and some other potential confounder, e.g. body
mass index (BMI) among general population of Swedish
adolescents aged 15 over the last decade by repeating
cross-sectional studies with identical study design.Materials and methods
Study population
This study was performed as comparing two cross-sectional
studies with term of an 8-year period. The current study
was partly undertaken using a large population-based study
of respiratory and allergic diseases which has been previ-
ously reported [16e18]. In brief, this previous study called
“Allergy 2000 (All000)”, referred to as survey I in the pre-
sent study, was carried out in all 49 municipalities in Va¨stra
Go¨taland, the third largest county in Sweden, with 1.5
million inhabitants. In the autumn of 2000, a self-
administered questionnaire was mailed to all school-
children aged 15 living in the county (n Z 18,158), with
instruction to answer it with their parents. The question-
naire was returned by 10,837 subjects (response rate 59.7%)
(Table 1).
Eight years later, the second survey, called “Youth in
Va¨stra Go¨taland County,” was conducted in the same
fashion as survey I. The purpose was to recruit a new
cohort: a questionnaire including identical items on respi-
ratory and allergic diseases was mailed to all schoolchildren
aged 15 and living in Va¨stra Go¨taland County (nZ 21,651).
After two reminders, 11,754 mailed back a completed
questionnaire (response rate 54.3%).
Information on parents’ education and descent of each
subject who had completed the questionnaire and given
their full personal identification number was obtained from
Statistics Sweden (Statistiska Centralbyra˚n, SCB). Subjects
who had not given their full personal identification number
were excluded from the current analysis (1031 subjects in
survey I and 1035 subjects in survey II). Additionally, sub-
jects with missing data on either their height or their
weight (695 subjects in survey I; 471 in survey II) and on
their parents’ education (195 subjects in survey I; 102 in
survey II) were also excluded. Moreover, those who did not
complete the questions regarding asthma, rhinitis, and
eczema (603 in survey I; 513 in survey II) were excluded.
Consequently, the study population consisted of 8313
schoolchildren in survey I and 9633 in survey II (Table 1).
Table 1 Sample size and demographic characteristics of
study population in the survey years 2000 and 2008.
2000
(n Z 8313)
% (n)
2008
(n Z 9633)
% (n)
P-
value
Response rate (%) 59.7 54.3 NA
Sex 0.054
Boys 50.8 (4219) 49.3 (4750)
Girls 49.3 (4094) 50.7 (4883)
Foreign descenta 10.4 (867) 8.4 (806) <0.001
Body mass index
(ISO-BMI)
0.0013
Normal 87.3 (7257) 85.5 (8240)
Overweight 10.9 (907) 12.2 (1171)
Obese 1.8 (149) 2.3 (222)
Parents’ education <0.001
Elementary and
middle school
7.4 (616) 3.3 (322)
High school 46.6 (3875) 45.4 (4374)
College/university 46.0 (3822) 51.3 (4937)
NA Z not applicable.
a Subjects born abroad or with both parents having been born
abroad.
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Definition of outcome variables and potential
confounders
The questionnaires in both surveys were identical regarding
questions about asthma, asthma symptoms, rhinitis, and
eczema. These questions were based on the well-
established ISAAC [19] and The Health of Youth [20]
questionnaires.
Physician diagnosed asthma was defined as affirmative
answers to both “Have you ever had asthma or asthmatic
bronchitis?” and “Was it diagnosed by a physician?” Wheeze
was defined as a positive answer to “Have you, during the
last 12 months, had wheeze or whistling in the chest?”
Asthma symptoms was defined as a positive answer to
either “Have you had asthmatic symptoms during the last
12 months?” or positive answers to both “Have you, during
the last 12 months, had wheeze or whistling in the chest?”
and “Have you, during the last 12 months, had breathless-
ness with tightness in the chest?” Asthma medication during
the last 12 months was defined as both having physician
diagnosed asthma and answering positively to the question
“Have you ever used any asthma medication during the last
12 months?”
Lifetime rhinitis was defined as answering “yes” to the
question: “Have you ever had symptoms of runny nose,
sneezing, and/or nasal congestion without having a cold?”
Current rhinitis was defined as either having had
repeated attacks of sneezing and runny nose, or having had
itching in the nose or nasal congestion during the last 12
months without having a cold.
Eczema was defined as having affirmative answers both
to “Have you, during the last 12 months, had eczema whichwas coming and going for at least 6 months?” and to “Have
you had such eczema in any or several of these areas: in the
elbow creases; behind the knees; on the front of the an-
kles; at the back of the thighs; on the neck; or around the
ears or eyes?”
Self-reported weight and height of the schoolchildren
were obtained by the same questionnaire. For statistical
analyses, ISO-BMI was calculated by dividing the weight (kg)
by the square of the height (m2). Subjects with BMI values
between the 85th and the 95th percentile for age 15.5 and
sex were classified as “overweight” and those with BMI
values greater than the 95th percentile for age and sex
were classified as “obese,” following the international
cutoff points for child BMI [21]. The remaining subjects
were classified as “normal.”
Parents’ educational levels were classified into three
categories: 1 Z elementary and middle school; 2 Z high
school; 3 Z college/university. The level of parents’ edu-
cation was coded using only one parent’s educational level.
When one of the parents had a higher educational level
than the other parent, the higher level was chosen. If data
on the educational level of one of the parents was missing,
the other parent’s educational level was used.
Foreign descent (yes/no) was defined as subjects born
abroad or both of their parents having been born abroad.
Analysis of non-respondents
Approximately 1 year after conducting survey II, we sent a
brief questionnaire, which was based on the original ques-
tionnaire used for surveys I and II, to a randomly chosen
sample of 1100 non-respondents from survey II. Two addi-
tional reminders were sent to them. Altogether 438 sub-
jects completed this short questionnaire, and are hereafter
referred to as the sample of non-respondents. The sample
of non-respondents were analyzed to test for any system-
atic difference regarding sex, descent, BMI, physician
diagnosed asthma, asthma symptoms, and/or asthma
medication during the last 12 months and ever rhinitis
compared to the respondents in survey II. Since the sample
of non-respondents was collected approximately 1 year
after survey II, their BMI was calculated for ISO-BMI cutoff
age 16.5.
Statistical methods
Two-sided Chi-square test was used to compare prevalence
between the two study samples (survey I and II), and be-
tween survey II respondents and the sample of non-
respondents, with a p < 0.05 significance level. Differ-
ences in percentage of respiratory symptoms between the
two surveys are calculated with a 95% confidence interval
(CI) level. Multiple logistic regression models were per-
formed to test trends in prevalence of asthma, rhinitis, and
eczema, adjusting for potential confounders. Where the
potential confounder variables had more than two alter-
natives, they were treated as dummy variables in further
analyses.
Multiple regression analysis with control for covariate
variables was also performed. The results of regression
analysis are presented as odds ratios (ORs) with 95% CIs.
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assess the calibration of the models. Only the models which
fulfilled the criteria (p > 0.05) are presented in this study.
All statistical analyses were performed using version 9.3 of
the SAS statistical software package (SAS Institute, Cary,
NC, USA).
Results
Sex was fairly distributed in both surveys, but there was
lower participation of subjects of foreign descent in survey
II. There was increased BMI (p Z 0.0013) and a higher
parental educational level in survey II compared to survey I
(p < 0.001) (Table 1). The prevalence of physician diag-
nosed asthma and lifetime and current rhinitis was signifi-
cantly increased over the 8 year period (all of them at least
p < 0.05) while the prevalence of wheeze was decreased
(Table 2). The prevalence of asthma symptoms and eczema
was similar (p > 0.05). There was no significant change in
prevalence of wheeze, in asthma symptoms or in asthma
medication in those with physician diagnosed asthma, be-
tween the surveys (not shown). In those with wheeze, there
was a significant increase of having physician diagnosed
asthma in 2008 compared to in 2000: 398 out of 722 (55%)
had physician diagnosed asthma in 2000 while 543 out of
685 (79%) in 2008 (Table 2). The similar trend was found in
those with asthma symptoms: 76% had physician diagnosed
asthma in 2000 while 88% in 2008.
The results of the logistic regression analyses are pre-
sented in Tables 3 and 4. Taking account of sex, foreign
descent, BMI, and parents’ education in multiple logistic
models, the prevalence of physician diagnosed asthma (OR
1.3 [CI 1.2e1.4]) and of both lifetime (OR 1.7 [1.6e1.8])
and current rhinitis (OR1.5 [1.4e1.6]) was significantly
increased over the 8 year period. By contrast, wheeze (OR
0.8 [0.7e0.9]) and eczema (OR 0.9 [0.8e0.98]) was
decreased in survey II compared with survey I. When
restricting the analysis to only those with physician diag-
nosed asthma, we still found that there was no change inTable 2 Prevalence of asthma, rhinitis, and eczema in adolesc
2000 (n
% (n)
Asthma
Wheeze during the last 12 monthsa 8.7 (72
Asthma symptoms during the last 12 months 7.9 (65
Physician diagnosed asthmaa 11.5 (95
Wheeze during the last 12 monthsb 41.9 (39
Asthma symptoms during the last 12 monthsb 52.7 (50
Asthma medicationb 62.0 (59
Rhinitis
Lifetimea 27.6 (22
Currenta 19.8 (16
Eczema
Current 12.3 (10
CI Z confidence interval.
a p < 0.001, calculated by Chi-square test, for the difference betw
b Restricted to only those subjects with physician diagnosed asthmaprevalence of wheeze, asthma symptoms, or asthma
medication over the period (Table 3).
The stratified analyses showed similar results, but with a
few exceptions. Wheeze decreased among girls, but not
among boys while asthma symptoms increased only among
boys. Also, the increase in physician diagnosed asthma,
rhinitis, and, to some extent, eczema was more pro-
nounced among obese teenagers (Tables 3 and 4). More-
over, the increase in physician diagnosed asthma was
prominent in those with higher parents’ education level.
Regarding the non-respondents to survey II, 438 out of
1100 answered the simplified questionnaire (response rate
40%). Non-respondents were more often boys; of foreign
descent; and overweight, compared to the participants of
survey II. However, there was no significant difference
regarding physician diagnosed asthma, asthma symptoms,
asthma medication, or rhinitis between participants of the
non-respondent study and the participants of survey II,
even after adjusting for sex, foreign descent, and BMI (data
not shown).
Discussion
Over the period from 2000 to 2008, Swedish adolescents
aged 15 showed an increase in prevalence of physician
diagnosed asthma although a decrease in prevalence of
wheeze, and no change in the prevalence of asthma
symptoms or asthma medication. Both lifetime and current
rhinitis were significantly increased while eczema
decreased over the 8 year period. These trends were
consistent in boys and girls, but more prominent in those
with obesity.
The present study was derived from two independent,
large cross-sectional studies targeting all 15 year old ado-
lescents in all municipalities in Va¨stra Go¨taland, the third
largest county in Sweden. For both surveys, we used iden-
tical study designs, distributing the questionnaire in the
same season (autumn) to same aged adolescents and using
the same questions on respiratory-related items based onents in 2000 and 2008.
Z 8313) 2008 (n Z 9633)
% (n)
Difference in
percentage (%),
with 95% CI
2) 7.1 (685) 1.6 (2.4 to 0.8)
9) 8.7 (841) 0.8 (0.01 to 1.6)
3) 14.3 (1378) 2.8 (1.9 to 3.8)
8) 39.6 (543) 2.3 (6.4 to 1.8)
2) 53.4 (736) 0.7 (3.4 to 4.9)
0) 59.8 (815) 2.2 (6.2 to 1.8)
90) 38.6 (3717) 11.0 (9.7 to 12.4)
46) 26.4 (2545) 6.6 (5.4 to 7.9)
24) 11.4 (1100) 0.9 (1.9 to 0.05)
een 2000 and 2008 results.
.
Table 3 Multiple logistic regression models for changes in asthma prevalence between survey years 2000 and 2008. Re re given as odds ratios (ORs), with 95% confidence
intervals (CI).
Wheeze
OR (95% CI)
Asthma symptoms
OR (95% CI)
Physician diagnosed
asthma OR (95% CI)
In subjects wi
physician diag asthma
Wheezea
OR (95% CI)
Asthma symptomsa
OR (95% CI)
Asthma medicationa
OR (95% CI)
Survey 2008 (vs. 2000)b 0.80 (0.72e0.90) 1.10 (0.98e1.23) 1.29 (1.18e1.42) 0.91 (0.77e1. 1.01 (0.85e1.20) 0.90 (0.76e1.07)
Stratification by the variables belowc
Sex
Girls 0.75 (0.65e0.87) 0.98 (0.85e1.13) 1.22 (1.07e1.38) 0.98 (0.77e1. 0.95 (0.74e1.23) 0.81 (0.62e1.05)
Boys 0.88 (0.74e1.04) 1.27 (1.08e1.50) 1.36 (1.21e1.54) 0.84 (0.66e1. 1.06 (0.84e1.33) 0.97 (0.77e1.22)
Foreign descent
No 0.85 (0.75e0.95) 1.14 (1.02e1.27) 1.30 (1.19e1.43) 0.91 (0.76e1. 1.00 (0.84e1.19) 0.88 (0.73e1.05)
Yes 0.51 (0.35e0.74) 0.80 (0.55e1.16) 1.23 (0.87e1.74) 0.81 (0.39e1. 1.15 (0.55e2.41) 1.20 (0.57e2.54)
Body Mass Index (BMI)
Normal 0.81 (0.72e0.92) 1.09 (0.97e1.23) 1.30 (1.18e1.43) 0.88 (0.73e1. 0.98 (0.81e1.17) 0.87 (0.72e1.05)
Overweight 0.75 (0.55e1.02) 1.04 (0.77e1.40) 1.16 (0.90e1.48) 1.06 (0.65e1. 1.21 (0.75e1.95) 1.12 (0.70e1.81)
Obese 0.72 (0.38e1.38) 1.83 (0.90e3.71) 2.39 (1.25e4.56) 0.70 (0.20e2. 1.19 (0.34e4.19) 0.91 (0.25e3.34)
Parents’ education
Elementary and
middle school
0.75 (0.46e1.22) 0.93 (0.57e1.54) 1.29 (0.86e1.93) 0.81 (0.37e1. 0.52 (0.25e1.20) 0.57 (0.26e1.22)
High school 0.74 (0.64e0.87) 1.10 (0.95e1.29) 1.22 (1.08e1.39) 0.90 (0.71e1. 1.15 (0.91e1.46) 0.90 (0.71e1.15)
College/university 0.89 (0.75e1.05) 1.12 (0.96e1.31) 1.38 (1.21e1.58) 0.91 (0.70e1. 0.92 (0.71e1.18) 0.92 (0.71e1.20)
P < 0.05 are marked in bold.
a Restricted to only those with physician diagnosed asthma.
b Each model was separately performed for each respiratory category, with mutual adjustment for sex, foreign descent, ISO and parents’ education.
c Each model was separately stratified by one given variable at a time while mutually adjusting for potential confounders (se ign descent, BMI, and parents’ education). Where a
model was stratified by one of the mentioned potential confounders, the confounder variable was excluded for further adjust e.g., the model stratified by sex was controlled for
foreign descent, BMI, and parents’ education.
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Table 4 Multiple logistic regression models for changes in rhinitis, and eczema prevalence between survey years 2000 and
2008. Results are given as odds ratios (ORs), with 95% confidence intervals (CI).
Lifetime rhinitis
OR (95% CI)
Current rhinitis
OR (95% CI)
Eczema
OR (95% CI)
Survey 2008 (vs. 2000)a 1.66 (1.55e1.76) 1.45 (1.35e1.56) 0.90 (0.82e0.98)
Stratification by the variables belowb
Sex
Girls 1.60 (1.46e1.74) 1.40 (1.27e1.54) 0.93 (0.83e1.05)
Boys 1.72 (1.57e1.88) 1.51 (1.37e1.68) 0.84 (0.73e0.98)
Foreign descent
No 1.65 (1.54e1.77) 1.46 (1.36e1.58) 0.88 (0.80e0.97)
Yes 1.74 (1.42e2.13) 1.36 (1.09e1.71) 1.16 (0.84e1.60)
Body Mass Index (BMI)
Normal 1.63 (1.52e1.75) 1.44 (1.33e1.55) 0.87 (0.79e0.96)
Overweight 1.72 (1.42e2.07) 1.46 (1.18e1.79) 1.00 (0.76e1.30)
Obese 2.68 (1.69e4.25) 2.22 (1.35e3.66) 2.01 (0.99e4.07)
Parents’ education
Elementary and middle school 2.04 (1.53e2.71) 1.80 (1.32e2.47) 1.43 (0.92e2.22)
High school 1.68 (1.53e1.85) 1.46 (1.32e1.62) 0.88 (0.77e1.01)
College/university 1.60 (1.47e1.76) 1.41 (1.28e1.57) 0.88 (0.77e1.00)
P < 0.05 are marked in bold.
a Each model was separately performed for each respiratory category, with mutual adjustment for sex, foreign descent, ISO-BMI, and
parents’ education.
b Each model was separately stratified by one given variable at a time while mutually adjusting for potential confounders (sex, foreign
descent, BMI, and parents’ education). Where a model was stratified by one of the mentioned potential confounders, the confounder
variable was excluded for further adjustment, e.g., the model stratified by sex was controlled for foreign descent, BMI, and parents’
education.
706 J.-L. Kim et al.well-established questionnaires. One strength was that we
studied trends in asthma, rhinitis, and eczema prevalence
among adolescents aged 15, who have been rarely studied.
It is of great importance to monitor changes in this age
group, particularly concerning opposite trends, in boys and
girls, in asthma prevalence at puberty (see Introduction).
Our analysis has potential methodological limitations.
The response rate was around 50% in both surveys and this
may have caused selection bias. However, we carried out
an additional analysis of the sample of non-respondents and
there were no significant differences with our main find-
ings. Nonetheless, we cannot exclude the possibility of
selection bias concerning the higher level of parents’ edu-
cation and lower participation among those of foreign
descent in 2008 compared to the survey in 2000. Another
limitation could be that illness was evaluated only by
questionnaire. Self-reported health data is commonly used
in epidemiological studies and we used international stan-
dard questions regarding asthma, wheeze, breathlessness,
rhinitis, and eczema. Self-reported physician diagnosed
asthma has been reported to give high specificity but low
sensitivity [22], which makes it a suitable measure for use
in large epidemiological studies.
Smoking and second-hand smoke (SHS) are well known
for adversely affecting respiratory health in young children
[23], while their effects on adolescents are unclear. One
ISAAC study concluded that SHS has no significant influence
on asthma, rhinitis, and eczema in young adolescents [24].
The previous results point to the dominant influence of
maternal smoking on cough as an unspecific asthma symp-
tom. One of our limitations is that we did not have data on
smoking in either the study subjects or their parents.However, in view of the consistently decreasing trend of
smoking during pregnancy during the last two decades and
legislation forbidding smoking in indoor public places since
2007, the trend of increased respiratory illness can prob-
ably not be explained by changes in parents’ smoking
habits.
Retrospective data can contribute to under/over-
estimation due to unsystematic recall error. The response
alternatives for most questions in our questionnaire were a
simple yes/no; also, the questions asked about either ever
symptoms or symptoms in the last 12 months, and were
consequently monosemous. Nonetheless, we cannot
exclude all possible effects due to recall bias in both sub-
jects with symptoms and subjects without symptoms. In-
formation bias is a further limitation. However, neither the
study participants nor their parents were aware of the
specific aim of the current study, and therefore we believe
that information bias did not affect the results.
Some previous studies report a decrease in prevalence of
asthma among Swedish children [10] and adults [13] in the
last decades. A recent study among schoolchildren aged
7e8 years in northern Sweden reports an increased preva-
lence of physician diagnosed asthma in 2006 compared to
1996, but decreased respiratory symptoms and decreased
current use of any asthma medicines [25]. The authors of
that study concluded that a larger proportion of children
with mild symptoms had been diagnosed as having asthma,
which can mainly be explained by an increased awareness
about asthma among physicians and parents. Previously,
several researchers suggested that asthma occurrence is
possibly influenced by greater awareness or changes in
diagnosis [26e28] and that asthma may be overdiagnosed
Trends in the prevalence of asthma, rhinitis, and eczema 707by physicians [29,30]. As already mentioned, we also
observed a decrease of wheeze while an increase in prev-
alence of physician diagnosed asthma in the current study.
When using a definition “Current asthma” as a combination
of “physician diagnosed asthma” and “wheeze or asthma
medication during the last 12 months”, we still observed an
increasing trend. By contrast to the previous studies, there
was an increase in prevalence of asthma symptoms in boys,
regardless of findings for physician diagnosed asthma.
However, in those with physician diagnosed asthma, there
was no such change of trend in prevalence of wheeze,
asthma symptoms or asthma medication over the study
period. Moreover, there was an increased proportion of
physician diagnosed asthma in those with wheeze (55% in
2000 vs. 79% in 2008), and in those with asthma symptoms
(76% vs. 88, respectively). Furthermore, the increase of
physician diagnosed asthma was more prominent in those
with higher parents’ education level, which indicates that
awareness of asthma in this group has increased. We
therefore carefully speculate that the trend of increasing
asthma prevalence may be due to combinations of changes
in asthma diagnostics and increased general awareness, but
not much of a real increase in asthma. However, from the
present results, it is difficult to determine if that is the
case.
Several previous studies have shown that the prevalence
of rhinitis/rhinoconjunctivitis and eczema among children
[10] and adolescents [5,7,27,31] is still increasing. Findings
of increasing rhinitis in our study are in line with many pre-
vious studies, although our study was performed in a slightly
older age group. Previously, the ISAAC study showed that
adolescents aged 13e14 in Sweden had decreasing preva-
lence of rhinitis (from 11.1% to 10.4%) and eczema (from
15.8% to 12.9%). However, these results were based on a
different age group in a city located north of the current
study area (which is in southwestern Sweden).We found that
there had been a slight decrease in eczema over the 8 year
period, with a significant increase among those with obesity.
However, the results should be interpreted with caution
since the number of obese subjects in our study was low.
There are several studies suggesting a positive associa-
tion between increased prevalence and incidence of
asthma, and overweight and/or obesity in adults [32,33]
and children, as well as adolescents [34e36]. Several
recent review studies concluded that there is strong evi-
dence that the persistence and severity of asthma is asso-
ciated with obesity [33,35], even showing a dose
dependence of elevated BMI on incidence of asthma
[34,37], although the role of sex is unclear.
In contrast to asthma, associations between rhinitis/
eczema and BMI have been rarely studied and the role of
obesity in development of these diseases still has to be
determined [36,38e40]. One recent study among children
and adolescents showed significant associations between
those with overweight/obesity and eczema but not rhino-
conjunctivitis [36], while another study reported no asso-
ciation between obesity and eczema among adolescents.
In our study, we observed trends of increased physician
diagnosed asthma and rhinitis, which were more pro-
nounced in obese subjects, yielding almost two-fold
increased ORs compared to subjects with normal BMI.
Moreover, eczema has been increased in those with obesityand decreased in those with normal BMI. However, as
mentioned above, there was only a limited number of
obese subjects and therefore, the findings should be
interpreted with caution.
When comparing cross-sectional prevalence data on
asthma and rhinitis between 2 specific years, difference in
exposure to allergic pollens is a potential confounder.
Therefore, we checked the pollen count for birch (Betula),
elder (Alnus), grass (Poaceae), and mugwort (Artemisia)
between the two survey years. Pollen counts for Alnus were
12,665 vs. 4878; for Betula 1019 vs. 450; for Poaceae 1879
vs. 3077; and for Artemisia 146 vs. 127 in 2000 and 2008,
respectively (data on pollen was obtained from the
Department of Biological and Environmental Sciences,
University of Gothenburg). In total, the annual sum of all
daily pollen counts (pollen index) was higher in 2000 than in
2008, which cannot explain the increasing trend in asthma
and rhinitis prevalence, or the decrease in eczema. None-
theless, we cannot exclude all possibilities that pollen is a
confounder because the questionnaire was not distributed
at the exactly same weeks of autumn, and may vary the rise
and fall in pollen counts during the questionnaire adminis-
tration between the two surveys. Since the current study
was not designed to find any causal associations between
patterns in prevalence and explanatory factors, but rather,
we set out to investigate trends in asthma, rhinitis, and
eczema prevalence, determining the cause of these trends
is a task for future research.
Conclusion
The prevalence of physician diagnosed asthma in Swedish
adolescents has increased while wheeze decreased over
the last decade. It seems that the trend of increasing
asthma prevalence is mainly due to combinations of
changes in asthma diagnostics and increased general
awareness, rather than a real increase. In addition, the
prevalence of rhinitis increased and the prevalence of
eczema decreased over 8 year study period, which merits
further research. Obesity seems to have a modifying effect
in our study population, which likewise merits further
investigation.
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